The benefits of moderate consumption of wines consist in the protective effects against cardiovascular diseases and anticarcinogenic is associated with their antioxidants content. There are plenty of analytical methods for assessing the antioxidant content of wines but unfortunately, there is not a standardized method. The antioxidant content of 'Cabernet Sauvignon' , 'Merlot' and 'Pinot Noir' wines obtained from cultivated grapes varieties from Recas and Minis Romanian vineyard from different harvesting years were investigated. The electron paramagnetic resonance spectroscopy, using the 2,2,6,6-tetramethyl-4-hydroxypiperidine-N-oxyl (Tempol) free stable radical, was used to determine the antioxidant content of wines. Measurements were done in order to analyze the effects of the grape varieties, the harvesting year and the vineyard on the antioxidant content of wines. The obtained results revealed that the antioxidant content of studied red wines depends on the harvesting year of grape, the grape variety and on the vineyard. Using the observed values of the antioxidant content, a relationship was identified between the antioxidant content of wines and the harvesting year of grapes. Furthermore, the designed generalized nonlinear model revealed that the antioxidant content of wine depends on the combined effect of the grape variety and the vineyard, besides the year, the grape variety and the vineyard.
Introduction
The increased number of patients diagnosed with cancer, degenerative, cardiovascular and other diseases years has been correlated with inadequate nutrition (Ferguson, 2010; Gibson et al., 2010) , stress (Guiraud et al., 2010; Cano and Iovanna, 2010) and exposure to various environmental factors (Mathers et al., 2010; Blonski et al., 2010) . The mortality rate due to cardiovascular diseases proved to be smaller in populations with diets that include a moderate consumption of wine, when populations with similar risk factors (the consumption of unsaturated fats, the high cholesterol level, obesity, smoke, etc.) were compared (Teissedre, 2000) . Moreover, the content of wine phenolics proved to have anticarcinogenic and protective effects against cardiovascular diseases. (Lamuela-Raventós and de la Torre-Boronat, 1999) . The protective effects were explained by the high level of antioxidant compounds of wines "French Paradox" (Renaud et al., 1992) , "Mediterranean diet" (Trichopoulou et al., 2003) ).
Antioxidants belong to different chemical classes of compounds: flavonols, catechins, anthocyanins, etc. (Dreosti, 2000 , Vaya et al., 2001 . The antioxidants have the main effect on the neutralization of the free radicals (Halliwell, 1995) . The antioxidants analysis is necessary to determine their structures, their quantity, and/ or to investigate their ability to react with free radical (the antioxidant activity), in order to estimate their in vivo and in vitro effects. Two classes of methods are used for antioxidant analysis: chromatographic methods such as high performance liquid chromatography (Fang et al., 2007) , and thin layer chromatography (Cserháti et al., 1998 , Cimpoiu, 2006 and spectral methods such as spectrophotometry (UV-Vis) (Lachman et al., 2007) , and electron paramagnetic resonance (EPR) spectroscopy (Staško et al., 2002) ). Both classes of methods could be joined in different circumstances, depending on the objectives of the analysis. The second class of methods are generally used to measure the antioxidant content of pure compounds or of different samples of food (including wines) and body fluids based on their reaction with different free radicals. The frequently applied spectral method is UV-Vis spectrometry. tion system. The spectrometer parameters were: modulation frequency 100 KHz, sweep width 100 G, sweep time 30 s, receiver gain 2×10 1 . The EPR spectra were recorded from 2 to 2 minutes, for 20 minutes. The antioxidant capacity of extracts was characterized by the decrease in time of the relative concentration of the paramagnetic species obtained by double integration of EPR signals (Petrişor et al., 2008) .
Determination and analysis of antioxidant content
The values obtained by double integration of the initial EPR signal of the free radicals (S 0 ), and the values determined after 20 minutes following adding the extracts of wines (S 20 ) were used in order to determine the antioxidant content (Hosu et al., 2011) . The following formula was used:
The normal distribution of the experimental data was tested by EasyFit (v.5.2) and Statistica (v.8.0) software. The following statistical tests were used in assessment of experimental data normality: Kolmogorov-Smirnov (K-S) (Kolmogorov, 1941; Smirnov, 1948) , Wilk-Shapiro (W-S) (Shapiro, 1968) , Anderson-Darling (A-D) (Anderson and Darling, 1952) and Jarque-Bera ( J-B) ( Jarque and Bera, 1980; Jarque and Bera, 1981) . The analysis of variances was conducted using Statistica (v.8.0) software. The summary of antioxidant content was expressed as mean, associated 95% confidence interval, standard deviation, and coefficient of variation. The 95% confidence intervals associated with proportions were calculated as described by Fieller (1940) . The Chi-Square test (Fisher, 1923) was applied to test the independence between pairs of factors (variety and harvesting year) that are able to influence the antioxidant content of the studied wines.
Results and discussion
The antioxidant content (expressed as %) calculated for each sample is presented in Tab. 2.
The results of normality analysis of experimental data are presented in Tab. 3.
The antioxidant content of wine samples proved to be influenced by the variety of grape (Tsanova-Savova et al., 2002) , the climatic conditions (Pena-Neira et al., 2000) , the material used for sample preparation (e.g. seeds, skin), the conditions under samples are obtained (FernandezPachon et al., 2004; Halpern, 2008 , Hosu et al., 2010 and so on.
The aim of the research was to investigate the influence of three factors (grape variety, year of harvest and vineyard) on the antioxidant content of wines.
Materials and methods

Materials
Wines from three different varieties of Vitis vinifera sp.: 'Cabernet Sauvignon'-commercial name 'Cabernet Sauvignon' (abbreviated as CS), 'Pinot Noir'-commercial name 'Burgund' (abbreviated as PN) and 'Merlot'-commercial name 'Merlot' (abbreviated as TM), obtained from different harvest years from Recas (I) and Minis (II) vineyard (Romania) (Tab. 1) were studied in terms of their antioxidant capacity. Samples of wine, purchased from the market, were analyzed directly, without any preparation step.
The solution of 2,2,6,6-tetramethyl-4-hydroxypiperidine-N-oxyl (Tempol) (Fluka, Germany) free radicals (0.01%) was prepared in methanol (Chimopar, Bucharest, Romania). The number of free radical molecules decreases in time, with different rates, depending on the concentration of antioxidants, when the samples of wine containing antioxidant compounds react with Tempol molecules.
EPR measurement of antioxidant activity
Five samples of 20 μl of red wine were injected using a Hamilton microsyringe into a quartz capillary (10 cm length and interior diameter 1mm) and 5 μl of methanolic solution of Tempol were rapidly added. Samples were monitored using an EPR Spectrometer (ADANI portable EPR Spectrometer PS8400", Resonance Instruments Instruments Inc., Germany), operating in X-band (9.1 GHz÷9.6 GHz) equipped with a computer acquisi- The results presented in Tab. 3 showed that the normal distribution of all observed data cannot be rejected at 5% significance level. Additional, for only three of cases a greater departure from normality could be observed ranging from 10% to 20% (p W-S and p J-B for PNI 2005; p W-S for CSII 1995). All other cases proved to be in a greater agreement with the theoretical normal distribution. Therefore, the statistical analysis under proved normal distribution was further conducted, since the results showed that the calculated probability of all statistical tests and all observables considered, was higher than 0.05. The results of analysis of the variance conducted in order to estimate the values of the antioxidant content of wines are presented in Tab. 4.
Tab. 4 provided along with the mean value of the antioxidant content, its confidence interval calculated at a 5% significance level (Value column in Tab. 4). The coefficients of variation (CV %) proved to be less than 1% for most of the wine samples; these values showed a low variability of the observations from repeated measurements, and in the same time indicate a good agreement between them.
The analysis from Tab. 4 revealed the following statements:
÷ The antioxidant content of wines vary from 18.86±0.09 (for CSI 2005) to 70.01±0.08 (for CSII 1995) all of them being statistically different by each other (Tab. 5); ÷ The 95% confidence intervals of PNI 2005 and CSI 2003 are near to be overlapped; when ratio between them are calculated (Tab. 5), the confidence of the ratio for 95% confidence vary from 1.005 to 1.032; thus the statistically significant difference between them are assured at 5% significance level (both limits are greater than 1). It should be noted that same result can be obtaining by applying student t-test to compare two means.
Tab. 5 presented the relative antioxidant content of wines reported to the highest value (CSII 1995). As Tab. 5 revealed, all antioxidant contents significantly varied (at a significance level of 5%) among the samples analyzed. The ratio of antioxidant content varied from 1 (when are compared the CSII 1995 to itself ) to 0.269 (for CSI 2005). In view of that, the range of antioxidant content of the investigated wines varied significantly (the lowest antioxidant content is less than one third of the highest content).
An assumption can be verified for the data presented in Tab. 4: if there is (or not) a relationship between the observed mean (of antioxidants content) and the year (of harvesting) and variety (of cultivated grapes). The results of the Chi-Square test for the four entries presented in Tab. 4 (CSI 2003 , CSI 2005 , TMI 2003 , and TMI 2005 are presented in Tab. 6.
The analysis of results presented in Tab. 6 clearly indicates that there is a relationship between antioxidant content and year and variety. By using the same data presented in Tab. 4 a relationship between the year of harvesting (y h in Eq.1) and the antioxidant content (AC(%) in Eq.1) was identified:
AC ( t(9490) = 3.49; p t (3.49) = 1.3%; t(4.72) = 3.47; p t (3.47) = 1.3%;
The hypothesis verified in Tab. 6 that there is no reason to reject the hypothesis that the wine antioxidant content is a observable dependent on the harvesting year is further confirmed by the statistical analysis resulted and presented in eq. (1). Eq. 1 provides an estimation of the true relationship between the populations of all wine sorts harvested in different years (did not take into account the sort-variety or vineyard, but estimates the average of them). Fig. 1 presents the relationship given in Eq. (1). Over 61% of the variance in the data could be explained by the linear relationship (1) between antioxidant content and harvesting year. A general view of wines population reveals the evolution in time of their antioxidant content; the population constituted from the three wines from 2005 year and the three characteristic points corresponding to the antioxidant content of different variety of wines could represent an estimator of mean antioxidant content of wines population from that year. Consequently, using the identified equation, the maturation time needed to reach a given antioxidant content could be probably estimated.
A generalized nonlinear model (GLZ) was designed in order to deeply explain the variance of antioxidant content using year (continuous variable), variety and vineyard (categorical variables) as predictors: Ŷ = Σa i X i + Σb i X i X j . Only first 7 entries from Tab. 4 were included into the analysis (the last entry in the table provides no information regarding the association, being the only one containing PN variety). Four significant components were identified in the model: year, variety, vineyard, and combined effect of variety and vineyard (Tab. 7).
The statistical analysis presented in Tab 1%). Using the model, a good agreement was obtained between observed antioxidant content and estimated antioxidant content (Fig. 2) .
The obtained GLZ model, through considering the categorical variables, was to improve the observed determination of the relationship relating antioxidant content and the production year (about 77% of the total variance are explained by the GLZ, and only 61% by the eq. 1) as the analysis with chi square test suggested (that antioxidants depends on both year and variety)
Conclusions
The presented study was conducted on the wines from three varieties of red grapes ('Cabernet Sauvignon' , 'Pinot Noir' and 'Merlot'), produced in different years and obtained from different vineyards. The antioxidant content was assessed in terms of harvesting year of grape, the grape variety and vineyard. The obtained results revealed that the antioxidant content of studied red wines depends on the harvesting year of grape, the grape variety and on the vineyard. Using the observed values of the antioxidant content, a relationship was identified between the antioxidant content of wines and the harvesting year of grapes. Furthermore, the designed generalized nonlinear model revealed that the antioxidant content of wine depends on the combined effect of variety and vineyard, besides the year, the variety and the vineyard.
